Rapid alterations in the distribution of iron, copper, and zinc within the body take place in the neonatal period, and the direction of the change is sometimes a reversal of that which has been going on during foetal life. Iron has attracted most attention because the fall in circulating haemoglobin that takes place in the weeks after birth can be measured comparatively easily. From time to time during the present century, however, investigators have measured the intakes and excretions of iron by babies in the first 6 months of life, often with the object of tracing the fate of the iron set free by the breakdown of red cells. Some of the infants have been breast fed, and others have received mixtures made up from cows' or goats' milk; some have received supplements of one sort or another while others have had nothing but the milk in question. The results have been conflicting from first to last, even among investigators who have studied babies receiving breast milk and nothing else; no correlation has been found between the amount of iron set free from haemoglobin during the period ofred cell destruction and the iron balance, and this cannot be attributed to faulty technique. The age and health of the baby and whether it was born prematurely or at term may be important. Langstein and Edelstein (1914) followed one breastfed baby through the first 12 days after birth and found that it was in negative balance for the first 7 days and in positive balance for the next 5. Two other breast-fed babies aged 8 and 12 weeks were both in positive balance. Lichtenstein (1921) studied 4 premature babies receiving breast milk between the time they were 3 to 4 weeks and 4 months old. All the babies were in negative iron balance on every occasion. Wallgren (1933) had 5 breast-fed babies in his series. They were all studied on more than one occasion, the youngest age being 3 weeks, and the oldest 11 months: 3 babies were always in positive balance while the balances of the other 2 were sometimes negative, sometimes positive. Josephs (1934) measured the intakes and excretions of iron by 6 babies, but only 1 was breast fed: this baby retained a small amount of iron from the third to the fifth week but had a large negative balance over the next two months. Similarly, of the 14 infants studied by Stearns and Stinger (1937) only 1 was given human milk. At 9 and 13 weeks the excretion was equal to the intake. Maurer, Greengard, Curtis, and Kliver (1934) reported that 5 breast-fed infants aged 3 weeks to 3 months absorbed and retained 78-100Oo of their iron intake; they and others (Stearns and McKinley, 1937) agree that babies having cows' milk preparations are more likely to be in negative iron balance than those that are breast fed.
The newborn period is the time of postnatal life when the anabolic tendency is at its greatest, and the young baby retains a higher proportion of most of the physiological constituents of its food than it is ever likely to do again (Slater, 1961) . If babies really are frequently in negative iron balance the fact must be accepted, curious though it may seem, but little work has been done on the subject in recent years and a further investigation with rigid control seemed highly desirable.
The present study has been limited to the neonatal period, that is, to babies during the first 8 days after birth, and has embraced copper and zinc as well as iron. Only one study of copper metabolism at this age has been found (Kleinbaum 1962) and, apart from Berfenstam's (1952) Mineral Balances These studies usuallv were made from the 6th to the 8th day after birth. For three babies the time ran from the 5th to the 7th day, and for one baby only a 2-day balance was possible, on the 6th and 7th days. The procedures followed for the collection of the samples were, with a few modifications, those outlined by Widdowson, Cavell, and McKeag (1964) . All samples were collected and stored in polyethylene bottles. De-ionized water was used for rinsing when necessary. The used napkins were washed as described (Widdowson et al., 1964) , but de-ionized water and HCI were used. A sample of the acid solution used was kept as a blank on the washing procedure. The faeces and washings were homogenized by prolonged mechanical shaking in polyethylene containers, pooled, the total volume registered, and a measured portion of about one-tenth was taken for analysis.
The pooled volumes of milk and of urine were sampled as described by Widdowson et al. (1964) , but 0-5 ml. HNO3 was added to each sample before ashing. All samples were carefully ashed in silica crucibles at 450' C.
Blanks on the reagents were regularly carried out; the one for the milk and urine consisted of 0-5 ml.HNO3, and the one for the faeces of a volume of HCI solution equal to the volume taken for analysis.
Cbemical Analysis. After they had been ashed the samples of meconium, milk, urine, and faeces were treated alike. The ash was extracted by the method outlined by McCance and Shipp (1933) , but the filter paper was first washed with hot 500,, (.) HCI followed by de-ionized water, and the extraction was made with I ml. conc. HCI and 20 ml. N/2 HCI. A similar procedure was followed with the residues from the two blanks from which the acid had been evaporated. De-ionized water was used throughout. The analyses were made on these ash extracts and all the analvses for an individual baby's balance study were carried out in one batch. Glassware, mainly pyrex to avoid contamination, was carefully washed with chromic acid and rinsed finally with deionized water. All pipettes and, as far as possible, other glassware were used only for the trace metal work. Silica crucibles were cleaned with dilute nitric acid before each use.
Iron was determined by the standard o-phenanthroline method as outlined by Sandell (1944) . Copper was determined colorimetrically by the diethyldithio-carbamate method in which the colour was extracted from ammoniacal solution with amyl alcohol. The alcohol was siphoned off, dried by mixing with anhydrous sodium sulphate, and cleared by centrifuging. The colour was read at 435 L against alcohol and compared with standards carried through the procedure. This basic methcd was that of Eden and Green (1940) . Zinc was determined as the dithizonate by the mixed colour method outlined by Sandell (1944) . A set of standards was carried through this procedure for each balance.
Results

Excretion of Iron, Copper, and Zinc in Meconium
During First 24 Hours After Birth. Table I shows the concentrations of iron, copper, and zinc in meconium passed by six babies in the first 24 hours after birth. The mean concentrations of iron and copper were approximately equal, that of zinc 4 times as high. The Table also shows the total excretions of the three elements. These values partly depend upon the amount of meconium the babies happened to pass in the first 24 hours, which varied from 20 7 to 47-7 g. They do not represent the total amounts of the elements in the whole of the meconium filling the large intestine at the time of birth.
Iron, Copper, and Zinc in Breast Milk. Table 2 shows the concentrations of iron, copper, and zinc in the breast milk from the mothers whose babies were studied when they were 1 week old. It also gives the age of the baby, the mean weight, and the (Table 3) . Only traces were excreted in the urine, and in most previous studies of iron balance in early life the urine has not even been collected, or has been included with the faeces. The average loss of iron from the body was just over I mg.
/kg. day or 3 -5 mg., day for an average baby. The excretion of iron in the faeces bore no relation to the amount in the food, and most of the faecal iron was clearly endogenous in origin. At the age of I week these babies were excreting about 7 times as much iron per day in the faeces as Babies 1-6 lost in the meconium during the first day after birth.
Copper lances, Table 4 shows the intakes and excretions of copper by 10 babies 1 week old: 3 were in positive, and 5 in negative balance, and the total excretion was approximately equal to the intake in 2.
These results were similar to those of Kleinbaum (1962) . Of his 6 full-term babies, 13 days old, 3 were in positive, and 3 in negative balance. The amount of copper in the urine, as of iron, was negligible and negative balances were always due to high faecal excretion. There was some relation between the amount of copper taken in the milk and the amount excreted in the faeces, and the highest intakes were associated with the greatest excretions.
The daily quantities of copper in the faeces at I week of age were less than those in the meconium on the first day. The iron/copper ratios in meconium and in the faeces at 1 week of age were, therefore, very different, being about 1 and 10, respectively.
zinc Ba
The results for the zinc balances are given in Table 5 . All but one were in negative balance. Most of the zinc was being excreted by the intestine and 7 of the babies had more in their faeces than in their food. The daily excretion of zinc by the bowel at I week of age was about the same as that during the first day. In all but one baby there was a relation between intake of zinc in the milk and its excretion in the faeces. About 80o of the total zinc excreted was found in the urine, and the mean concentration in infant's urine (0' 1 mg./100 ml.) was about 5 times as high as that in adult urine (McCance and Widdowson, 1942) .
The outstanding question raised by the results of this study is how and why do babies at the end of the first week after birth excrete more iron and zinc in their stools than they get from their milk, and sometimes more copper as well? The quantities involved are considerable. Table 6 shows the approximate amounts of iron, copper, and zinc in the body of a baby weighing 3 -5 kg. (Widdowson and Spray, 1951; Widdowson and Dickerson, 1964) , the mean daily intake of the three elements as found in this study, and the mean daily losses from the body. The baby gets from breast milk every day amounts equivalent to about 0 Io of its body iron, 2 50O of its copper, and 4.300 of its zinc. The losses correspond to more than I 0 of the body's iron and zinc and 0 -20o of the copper. There is no evidence from the results of Widdowson, 1943; Granick, 1949) , no significant amount of the iron is excreted. Indeed, iron once incorporated into the body of an adult is not excreted by the intestine in more than traces, and the amount of iron in the body is regulated by controlled absorption (McCance and Widdowson, 1937b; Maddock and Heath, 1939) .
The mechanism by which absorption is controlled is still not clearly understood (Lancet, 1963) , but there seems no doubt that when erythropoietic activity is high iron absorption is increased, and conversely when it is low iron absorption is diminished (Bethard, 1962) . In neither situation, however, do the faeces contain more iron than the food. This is evidently not the case in young babies, though why the iron and indeed the zinc and copper enter the intestine is not known. The bile is a possible source of the iron and copper, for Sheldon and Ramage (1931, 1933 ) using a spectrographic method found foetal bile to contain remarkably high concentrations of the two metals, and this may be the origin of some of the iron and copper in the meconium. Bile secreted by adults normally contains very little iron, but the concentration may increase during periods of intense haemolysis (Hawkins and Hahn, 1944 and zinc from the body in the neonatal period is peculiar to the human species, or whether it is true of other mammals is also not yet known. That it may be a more general phenomenon is suggested by the observations of Bertrand and Vladesco (1921) and Lintzel, Rechenberger, and Schairer (1944) who found that the amount of zinc and of iron in the body of the rabbit fell during the first few days after birth, and the finding of Manners and McCrea (1963) that pigs, 2 days old, contained less iron in their bodies than litter-mates at the time of birth.
Sunmmary
Meconium passed during the first 24 hours after birth was collected from 6 babies and analysed for iron, copper, and zinc. The intake and urinary and faecal excretion of the three metals were measured on another 10 babies, all breast-fed, over a three-day period at the end of the first week.
Meconium contained an average of 1 7 mg./I00 g. iron and copper and 6 -5 mg./100 g. zinc.
The concentration of all three metals was very variable in breast milk and there was no relation between the volume of milk secreted and its composition.
All the babies were in negative iron balance: the faeces contained on the average more than 10 times as much iron as the food and the mean loss of iron from the baby's body amounted to 3 -6 mg. a day.
Some of the babies were in negative and some in positive copper balance, but all except one were in negative zinc balance. They were losing more than i 00 of the body's total iron and zinc each day. It is not known how long these large negative balances continue, but possible explanations for them are discussed.
